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We have developed a general framework using density
matrices for the analysis of atomic excitation by spin-
polarized elecgrons. This framework is applied to the
specific case of the 3S,_, - 3P5_, transition in Na, as
studied by the time-reversed, superelastic scattering
process. The scattering is characterized in terms of
physical parameters describing the collisionally excited
P-state, i.e., its angular momentum (Ll). linear polar-

ization (Pltn)‘ and alignment angle (7)., with these

parameters defined separately for singlet and triplet
excitation. We derive a general expression for the
scattering intensity which is valid for arbitrary elec-
tron polarization and atomic state preparation.

We begin with the general expression describing the
scattering intensity in an experiment with initial state

preparation but no final state selection,
I = CTr (6P F'F) = CTr (PP p)

where the constant C contains all purely experimental
factors such as target and projectile densities, detec-
tion efficiencies, flux factors, etc. Preparation of
the initial state is described by the density matrix
o ®P, The elements of the transition matrix F are the
complex scattering amplitudes, in some appropriately
chosen representation, describing collisionally-induced
transitions between any initial and any final state.

The initfal state density matrix, o P, wust
describe both the initial electron spin-polarization and
the optical state preparation of the atom. It thus can
be expressed as the outer product of separate density
matrices describing the incident electrons and incident
atoms. The incident electron spin-polarization is com—

pletely described by its components, Px' PU and Pz‘

along the three coordinate axes.

The density matrix, aatom describing the initial
p-state of the atom can be decomposed into separate
descriptions of its spin and orbital angular momentum.

We write the atomic state preparation density matrix as

Og + © o+ to
atom (@0 z) ( x U)
o 2 =

(ox + tay) (oo + az)

where o, g, oy and o, are each 3 x 3 submatrices with

rows and colums labeled by I(Ls $1, 0. These submatri-
ces describe the orbital angular momentum properties of
unpolarized atoms or atoms polarized along the three
coordinate axes, respectively. The matrix elements can
be expressed for any general optical pumping configura-
tion in terms of optical pumping parameters in the
photon frame.®

The scattering matrix p is simplified by decomposi-
tion into the separate singlet and triplet contributions
to the scattering which are described by the scattering
submatrices s and t. These 3 x 3 sub-matrices have rows
and columns labeled by AHL = 11, O and can be expressed

in terms of a singlet and triplet L, , Pltn and v. Be-~

cause spin is conserved in this collision, the matrix p
is a diagonal 4 x 4 matrix with rows and columns labeled
by the 4 relative orientations of electron and atom
spins. The diagonal elements are the submatrices t, t,
t and s.

Using these definitions the scattering intensity is
written in the form

1 =g [ Tr [0o(3t + 8)] +

P Tr [ax(t - 8)] +
PU Tr [au(t -8)] +

Pz Tr [az(t - 8)] ] .
This form of the scattering intensity makes very clear
the relationships between experimental geometries and
the basic information avajlable from such experiments.
Specific experimental examples will be discussed with a
view toward complete determination of the relevant
scattering amplitudes and phases.
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